Objective To assess the possible association between smoking and dementia. Design Prospective study. Setting Cohort of British male doctors followed up since 1951. Subjects 34 439 male British doctors, with 24 133 deaths recorded. Results For all types of dementia combined the relative risk was 0.96 (95% confidence interval 0.78 to 1.18), based on 473 deaths at a mean age of 81 years. For probable or definite Alzheimer's disease, the relative risk in continuing smokers was 0.99 (0.78 to 1.25), based on 370 deaths at a mean age of 82 years. In aggregate, however, the other prospective studies indicate a direct, although not clearly significant, association between smoking and the onset of dementia in general and of Alzheimer's disease in particular. Conclusions Contrary to previous suggestions persistent smoking does not substantially reduce the age specific onset rate of Alzheimer's disease or of dementia in general. If anything, it might increase rather than decrease the rate, but any net effect on severe dementia cannot be large in either direction.
Introduction
Among the few diseases claimed to occur more often in non-smokers than smokers 1 2 that of greatest potential importance is Alzheimer's disease, which accounts for most of the dementias of later life in Britain. The published epidemiological evidence, although suggestive of an inverse relation with smoking, is not conclusive either about Alzheimer's disease or dementia in general. Much of the evidence derives from small retrospective studies of uncertain reliability, many of which excluded vascular dementia. Prospective studies, in which smoking habits are recorded before the onset of dementia, should be more informative about the overall effects of smoking, particularly if they concern large numbers and prolonged follow up. Only a few such studies have, however, been properly reported (none of which had prolonged follow up). We sought evidence from the cohort of British doctors who have been followed since 1951, with their smoking habits reviewed every six to 12 years. 3 4 Many have died from or with some type of dementia over the past two decades.
Subjects and methods

The cohort
The cohort originally comprised 34 439 male doctors on the British medical register, resident in the United Kingdom, who had responded to a questionnaire about their smoking habits in 1951. Changes in such habits were sought in 1957, 1966, 1972, 1978, 1990, and 1998 , and other personal information was sought in 1978, 1990, and 1998 . In 1971, follow up was discontinued for 2459 subjects (10.1% of the survivors) who were living abroad and 218 (0.9%) for other reasons. 4 Almost all of the remaining survivors have continued to provide information about their smoking habits.
Death with dementia
Because the subjects are or were registered medical practitioners, almost all of the survivors living in the United Kingdom can be traced, and few deaths are missed. The present analyses concern 24 133 deaths occurring up to 31 December 1998. In 483 cases dementia was mentioned on the death certificate. Two cases were excluded because dementia was attributed respectively to head injury and glioma, and eight because death occurred in 1951-61, less than 10 years after smoking habits were first recorded. The main analyses were based on the 473 deaths that occurred in 1962-98. As most cohort members were comparatively young in 1951, 402 (85%) of these deaths were in the last two decades of follow up. The 95 deaths that occurred in 1996-8 were also the subject of a substudy of the correspondence between the medical history and information given on the death certificate.
Smoking as last recorded 10 or more years ago
Dementia may progress only slowly, but in those who died of or with dementia in 1996-8 it seldom lasted more than 10 years from first being recognised until death. Our analyses therefore concern data as last recorded 10 or more years before death, to avoid any material effect of the disease itself on smoking habits. As questionnaires were sent out only every six to 12 years, the mean time before death that the relevant smoking habits had been recorded was not 10 but 15 years. Our primary comparison is of subjects who were at that time continuing smokers versus a combination of those who were lifelong non-smokers or ex-smokers. We combined lifelong non-smokers and ex-smokers because most of the latter group had stopped smoking several decades ago (when it became clear to British doctors that smoking was a major cause of premature death), so the ex-smokers who died from or with dementia had on average given up smoking 34 years before death. Conversely, as most of the relevant deaths were in recent years, after the period when large scale cessation was occurring, most who were classified as continuing smokers would (but for any effects of illness) have remained so for several more years. Thus our analyses effectively relate dementia to persistent smoking.
Underlying causes or associated conditions
Information about the underlying and associated causes of death for those who died and were included in the main analyses was sought from death certificates. Of those known to have died between 1962 and 1998, 269 (56.9%, mean age at death 81.6 years) had dementia given as the underlying cause of death, and 204 others (43.1%, 80.6 years) had dementia given as an associated condition-that is, mentioned in any other way on the death certificate. In deciding whether dementia was the underlying cause of death we followed the procedure adopted by the Office of Population Censuses and Surveys from 1984 to 1992. During this period, the census and surveys office did not accept certain conditions that were often terminal, such as bronchopneumonia or pulmonary embolism, as the underlying cause of death if they could be considered a sequel of any more specific condition, even if it was referred to only as an associated condition on the certificate. 5 This procedure was abandoned when other countries failed to follow suit, but it is medically sensible and we have adopted it for the whole period of our study.
Types of dementia
The two main types of dementia in this population were Alzheimer's disease and cerebral vascular disease, but it is often difficult to distinguish reliably between them without postmortem histopathology-and even then both may coexist and be jointly responsible for symptoms of dementia. Any subdivision of dementia type that is based chiefly on the death certificate is bound to be inaccurate. To assess the correspondence between medical evidence and the death certificate we undertook a substudy of the 95 deaths with dementia that occurred during the last three years of the study. We sought information from the certifying doctors and, if necessary, hospital consultants about the duration of dementia at the time of death and the basis on which the specific type of dementia was diagnosed. Such information was obtained for 81 of the deaths. For these, we used our inquiries to classify the type of dementia from the best available evidence, but for the other deaths with dementia only the diagnoses on death certificates were available. Of the 473 accepted cases of dementia among men who died 10 or more years after their smoking habits had first been recorded, 95 (20%) were described as due to Alzheimer's disease or to presenile dementia. We consider both of these to have been "specified as Alzheimer's disease." A further 275 (58%) were described as senile dementia or as dementia with no further qualification, both of which we classify as "probable Alzheimer's disease," since most could equally well have been described as Alzheimer's disease. Finally, 97 (21%) were described as multiinfarct dementia or as dementia with cerebrovascular disease, both of which we classify as "vascular dementia" and six (1%) as dementia due to Lewy body disease. The number of deaths attributable to Lewy body disease may have been substantially more than the six recorded, but the disease has only recently begun to be referred to on death certificates, and all our six cases were recorded in the three years for which we sought additional information. Table 1 shows the correspondence between the classification based only on the death certificate and that based on our inquiries for the 81 deaths for which we have additional medical information. We failed to obtain any further information for the remaining 14 deaths that occurred in 1996-8 because either we could not trace the certifying doctor or we received no reply to repeated inquiries. Overall, the correspondence is reasonably good, although our classification probably underestimates vascular dementia; 28% (18/65) of the cases of dementia that, from the death certificate alone, we would have attributed to probable or definite Alzheimer's disease were reclassified, blind to knowledge of smoking habits, as due to vascular or other causes, whereas only 6% (1/16) were reclassified in the opposite direction. Consequently it is not surprising that we attributed 78% (370/473) of all dementias to probable or definite Alzheimer's disease, whereas the two year prospective European study of the incidence of dementia, 6 which involved detailed clinical examination with standardised criteria 7 attributed only 67%. If, however, we had restricted our definition of Alzheimer's disease to cases where the death certificate explicitly specified Alzheimer's disease or presenile dementia (only 10% of those for which we have additional information were reclassified as vascular or Lewy body disease), we would have classed only 20% of all dementias as Alzheimer's disease, which would have been far too few.
We considered whether to class dementia with parkinsonism as a separate clinical category, as parkinsonism is known to be protected against to some extent by smoking. 4 8 We decided not to, however, for although the late stages of parkinsonism may involve some degree of cognitive decline, the dementias that occur with parkinsonism are mostly due to concomitant Alzheimer's disease or vascular disease 9 10 and there is no clear evidence that parkinsonism per se causes any material increase in the incidence of dementia. An exception might be some of the cases of dementia due to Lewy body disease, which have recently been distinguished from other dementias and which are associated with parkinsonism. This parkinsonism may sometimes, however, be secondary to Lewy body disease. We have therefore ignored any mention of parkinsonism when classifying the type of dementia.
Statistical methods
To analyse the possible relation between smoking and dementia we compared each case of dementia with four age matched controls. Because the all cause mortality rate is much higher among smokers than non-smokers the prevalence of smoking is substantially higher among those dying at a particular age than among those of that age who do not die until some later year. Hence if smoking were irrelevant to dementia the prevalence of smoking would be substantially higher among those dying at a particular age with dementia as an associated condition (many of whose deaths would have been caused by smoking) than among those dying at that age with dementia as the underlying cause (none of whose deaths would have been caused by smoking). Our case-control comparison was, therefore, done in two parts, the analyses of which were then combined. Firstly, each doctor who was certified as having died with dementia as the underlying cause was randomly matched with four controls with the same year of birth who were alive on the date he had died, yielding a standard mortality analysis. Secondly, each doctor who died of another underlying cause, but whose death certificate mentioned dementia as an associated condition, was matched with four controls (with the same year of birth) who had died in the same year as he had died: this makes due allowance for the extent to which the fatal effects of smoking increase the prevalence of smoking among those who die at a given age in comparison with the survivors at that age. The process of selecting controls began with the last to have died of or with dementia before the end of the study in 1998 and worked backwards, thus avoiding the risk of selecting as controls doctors who subsequently died with dementia while still avoiding any systematic biases between cases and their matched controls. To obtain four controls for each case the birth date matching criteria had to be relaxed (to allow the year of birth to differ by one year) for only 0.8% of the controls. The relations between smoking and dementia, or particular types of dementia, involved standard Mantel-Haenszel analyses of the relevant contingency tables of smoking versus case or control status, unmatched but stratified for type of case (underlying or associated) and for age in 5 year age groups. Virtually identical results would have been obtained either by wholly unstratified analyses or by more finely stratified analyses that retained the full matching so that each stratum contained only one case and four controls (data not shown). The final observed minus expected (O − E) and its variance (V) were then used to calculate the log relative risk b = (O − E)/V and its standard error 1/'V, from which the relative risk describing the relation between smoking and dementia is exp(b) with 95% confidence limits exp(b SE 1.96).
Results
The distinction between different types of dementia is uncertain and there was no significant relation between any dementia and smoking (relative risk 0.96, 95% confidence interval 0.78 to 1.18; mean age at death 81 years: table 2). Only 2% of the deaths with dementia occurred before age 65, which is too few for separate analysis to be informative. These overall results are also divided according to whether dementia was described as the underlying cause of death or as an associated condition. As expected the proportion of current smokers was substantially higher (48%; 98/204) when dementia was an associated condition in those who had died for some other reason than when dementia was the underlying cause (34%; 92/269), because at any given age the mortality from causes other than dementia is much higher in smokers than in non-smokers and long term ex-smokers. 4 This, however, applied equally to cases and their matched controls, and in our unbiased comparisons with appropriate controls the relative risks for dementia as underlying cause and for dementia as associated condition were both close to, and not significantly different from, unity.
Dementia involving Alzheimer's disease was likewise neither directly nor inversely related to continued smoking, the proportion of continuing smokers being 40% (147/370) in the doctors who had developed it and 40% (591/1480) in their matched controls (relative risk 0.99, 0.78 to 1.25; mean age at death 82 years: table 2).
No significant association was found between continued smoking and the aggregate of all other types of dementia (relative risk 0.86, 0.55 to 1.34; mean age at death 80 years: table 2). Most of these cases concerned *Lifelong non-smokers and long term ex-smokers (for whom mean time since they stopped smoking was 34 years).
vascular dementia, which like vascular mortality in this population 4 might have been expected to be directly related to smoking. The remainder (all six of which occurred in 1996-8) were classified as Lewy body dementia, but there were too few such cases to provide much useful information. Table 3 shows the results for dementia involving Alzheimer's disease, for other dementia, and for any dementia when continuing smokers are compared separately with long term ex-smokers and with lifelong non-smokers. For no type of dementia is there any significant heterogeneity between these three categories of smoker. For dementia attributable to Alzheimer's disease, the risk seems to be slightly greater in continuing smokers than in ex-smokers and slightly smaller in continuing smokers than in lifelong non-smokers. Neither of these differences is, however, statistically significant, and the overall relative risk when continuing smokers are compared with all others is almost exactly unity (0.99, 0.78 to 1.25), indicating no adverse or protective effect whatever (table 2). As the relative risk for probable or definite Alzheimer's disease when continuing smokers are compared with lifelong non-smokers (0.83, 0.60 to 1.16) is similar to that when ex-smokers are compared with lifelong non-smokers (0.78, 0.56 to 1.10), it is likely that both have been similarly distorted by the effects of the play of chance on the results for the small number of lifelong non-smokers, who constituted only a quarter of the total number of non-smokers or ex-smokers.
Discussion
Our data do not suggest that prolonged smoking either increases or decreases the likelihood that men of a given age will develop dementia or that they will develop dementia involving Alzheimer's disease.
Special features of the present study
The main strength of our study is its unusually long and complete follow up. This, together with persistently high response rates to the repeated questionnaires, ensures that the smoking habits were recorded reliably some years before they could be materially distorted by the onset of dementia. Hence, the subjects can be reliably classified according to their smoking habits about 15 years before death, and it is reasonable to assume that in most cases these habits would have persisted for several more years unless affected by disease.
Another strength is that the dementia analysed must have been definite and severe to have justified mention on the death certificate. This means, however, that mild dementia must have been underreported, particularly during the first few decades of the study. During the last two decades of the study 236 deaths were attributed to dementia (which must in each case have been severe irrespective of whether it actually caused death). But of the 10 092 other deaths in these two decades only 169 had dementia given as an associated condition, whereas at the age specific prevalence rates reported for European men in 1980-90 we would have expected 1115 to have been classifiable on interview as having some degree of dementia (by DSM-III criteria). 11 Hence we probably recorded only about 30% (236 + 169/236 + 1115) of the cases of dementia that would have been recorded if each man had been interviewed before death (or somewhat more than 30% if higher education is associated with lower rates of dementia on interview). This shortfall is not surprising as dementia that is only mild is unlikely to have been mentioned on the death certificate, and it will cause no bias as there is no reason to suppose that the decision to mention dementia would have been materially influenced by the individual's previous smoking habits.
Misclassification of the type of dementia will certainly also have occurred, not only because many of the cases of dementia that we classed as "probable" Alzheimer's disease will have had a vascular component, but also because the specific diagnosis of Alzheimer's disease cannot be determined with certainty without postmortem examination, and this was seldom sought. Even substantial misclassification does not, however, invalidate our main conclusions about dementia as a whole.
Limitations of the retrospective studies
At least 30 reports of epidemiological studies of smoking and Alzheimer's disease or probable Alzheimer's disease have now been published, but few are reliable. Most were case-control studies in which information had to be obtained from surrogates, especially where the dementia was severe. Although there are circumstances where appropriate retrospective studies can yield useful results, there are two particular ways in which retrospective studies of smoking and dementia could indicate a misleadingly protective effect. Firstly, the disease itself will, as it progresses, eventually change smoking habits, so inquiries have to be made about habits several years earlier. Even if surrogate informants are used, a brief period of smoking many years ago may be more likely to be overlooked in a person with dementia than in a control with no dementia, leading to an apparently protective effect among ex-smokers, particularly those who smoked only briefly. Secondly, if the controls are chosen from patients who are attending hospital for other reasons then smokers may be overrepresented among them, since smokers may be substantially more likely to be attending hospital than would be non-smokers of a similar age. 
Reports of prospective studies
Prospective studies are less likely to be affected by such biases, and we have identified eight. The report of one, however, was biased in favour of indicating a direct association of dementia with smoking 12 because it analysed deaths in which dementia was mentioned as an associated cause in the same category as deaths in which dementia was referred to as the underlying cause. The reports of four others were biased in favour of an inverse association with smoking as they presented relative risks for men and women combined without adjusting for sex. [13] [14] [15] [16] (In old age, dementia is more common among women than men 11 ; analyses that do not allow for this will indicate artefactually high risks in non-smokers.) In addition, one report had substantial numerical inconsistencies. 16 Only three of these eight prospective studies were reported with appropriate adjustment for age, sex, and education. 6 17 18 All three included both men and women and assessed the incidence of dementia by interviewing survivors, but involved only short term follow up (so those assessed as having dementia absent at entry and present only 2-3 years later may need to be followed for several more years to discover who develops gross dementia). Of these three incidence studies, two were small: 1649 older adults in east Boston who scored well in a memory test were reinterviewed three years later, 17 as were 343 in Stockholm who were initially classified as not cognitively impaired. 18 The third was larger 6 (combining the results of four substudies from Denmark, France, the Netherlands, and the United Kingdom, and subsuming the previously published findings 19 ): 12 934 adults without overt dementia were reinterviewed after only two years to assess any newly apparent cases. Table 4 summarises these short term prospective studies of incident disease on reinterview along with our own study. The largest of the short term studies 6 suggested an increased risk of Alzheimer's disease in smokers whereas the two smaller ones did not. But the apparent heterogeneity between these three results could well be largely due to the play of chance, and overall these three studies indicate a relative risk that is greater than unity, although not conclusively so. In contrast, the present long term study of dementia on death certificates (which would usually indicate severe disease) suggests little or no difference when continuing smokers are compared with lifelong non-smokers plus ex-smokers. This is the most relevant comparison in our study, as on average our ex-smokers had stopped some 34 years before death. Although the distinction between Alzheimer's disease and other forms of dementia is uncertain, our overall finding would have been much the same if all types of dementia had been combined as there is no significant association of continued smoking either with probable or definite Alzheimer's disease or with the aggregate of all dementia.
Conclusions
Although corrected analyses of the other small prospective studies might be of some interest, those studies would still be limited by their size (and in some cases by the crudeness of the smoking histories they recorded), and it is chiefly from longer follow up of large prospective studies that more reliable results are likely to emerge. Taken together, the four adequate prospective studies indicate a relative risk of about unity or slightly greater than unity (although of these studies two are small and only the present involves long term follow up and comparatively large numbers with dementia). We conclude that the inverse relation between Alzheimer's disease and smoking reported in some small retrospective studies was largely or wholly artefactual and that persistent smoking does not reduce the age specific onset rate of the disease or of
What is already known on this topic
Previous epidemiological evidence that smoking might protect against Alzheimer's disease chiefly concerned small retrospective studies of uncertain reliability Short term prospective studies that assessed the incidence of dementia at reinterview suggest, in aggregate, a non-significant adverse effect of smoking
What this study adds
No significant difference was found between continuing smokers and long term non-smokers, either for dementia as a whole or for dementia attributed to Alzheimer's disease Smoking could slightly increase rather than decrease the age specific onset rate of dementia, but any net effect on severe dementia cannot be large in either direction
The protective effects previously reported in some small retrospective studies were largely or wholly artefactual dementia in general to any substantial extent. If anything, persistent smoking may increase rather than decrease the onset rate of dementia, but any net effect on severe dementia cannot be large in either direction.
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